Background: Fishers exposed to unfavourable environmental conditions may suffer negative health effects. This study aimed to identify musculoskeletal symptoms in professional fishers in Norway using data from several sources; register data, telephone survey and questionnaire. Materials and methods: Professional fishers (n = 25,971) registered in the period 2008-2013 were selected by Statistics Norway (SSB). 913) was also selected. Outpatient consultation and hospitalisation data were received from the Norwegian Patient Registry (NPR). To obtain information about self-reported symptoms, 832 registered fishers on board Norwegian fishing vessels were interviewed by telephone, and a questionnaire was distributed to the crews of 5 trawlers (n = 153). Results: Data from NPR showed that fishers, compared to the control population, suffered significantly more acute incidents related to musculoskeletal disorders (5.4% vs. 4.8%, respectively), injuries to arms (11.3% vs. 9.8%), feet (8.4% vs. 8%), and back (0.9% vs. 0.7%). In the telephone survey, 61% and 43% reported that they performed monotonous work operations and heavy lifting often or very often, respectively. Thirty-three per cent had experienced pain in neck/shoulders/arms often or very often during the previous 12 months, and 93% believed this was fully or partly due to their work situation. The questionnaire among trawler crew members showed that 57% and 60% had experienced stiffness and/or pain in neck/ /shoulders and lower back/small of the back respectively during the previous 12 months. Conclusions: Data from the register study, telephone survey and questionnaire all confirmed that musculoskeletal problems are common among fishers and related to their work situation. However, 77% of the fishers in all vessel groups and on board the 5 trawlers reported their own health as being very good or good.
INTRODUCTION
The fishing fleet in Norway employs people on board different types of vessel, ranging from owner-operated coastal vessels to large deep-sea factory trawlers with up to 30 crew members, which mostly operate in the Barents and Norwegian Seas [1] . Workers in the fishing fleet may be exposed to a variety of unfavourable conditions such as cold, changing temperatures, repetitive work tasks, heavy workloads, noise, inconvenient working hours, long work days and high level of stress. As a result, they are likely to be negatively affected in terms of health and work performance [2] [3] [4] . Several ergonomic stressors at all stages of fishing dictated by some unpredictable factors such as weather conditions, as well as type of vessel, gear in use, crew size and level of experience are identified [5] . A Danish study concluded that despite positive developments in the physical work Mariann Sandsund et al., Musculoskeletal symptoms among workers in the commercial fishing fleet of Norway environment, fishers still experience heavy workloads and suboptimal ergonomic conditions [6] .
Musculoskeletal disorders (MSD) are reported to be the most common cause of sick leave, directly affecting individuals and indirectly, health care and social security systems [7] [8] [9] [10] . A recent study of Norwegian fishers found several health challenges (including MSD) related to exposures in the work environment such as repetitive and monotonous work operations and heavy lifting [4] . The same study also found that about 50% of fishers' doctor-certified sick leave in 2013 was due to MSD [11] . Studies from other countries show that there is a connection between fishers' work and MSD. For instance, vessel movement has been pointed to as a cause of musculoskeletal stress for fishers, which is aggravated by lifting or carrying weight [12] . Similarly, musculoskeletal symptoms were found in a sample population of American fishers, especially in the lower back and hands or wrists, and were a common reason for impaired work performance [5] . Another American study identified several occupational risks that might contribute to cumulative MSD, such as repetitive work, forceful exertions, awkward or static postures, low temperatures, vibration and muscle strain caused by the need to continually maintain balance [13] . Studies from other occupations show that cold, wet and windy conditions also negatively affect work performance, comfort, and that cold-related health problems (such as rhinitis, muscle pain, back pain, white fingers/Raynaud's syndrome, difficulties in breathing), are likely to occur more frequently at low ambient temperatures than in warm environments [14] [15] [16] [17] [18] [19] . Low-intensity repetitive work in cold (5°C) environments may negatively affect muscle function and cause fatigue [20] , which may lead to overuse injuries and MSD in the long run [21] . Research in onshore seafood production plants found that the low temperatures needed to ensure high-quality fish products can increase the risk of symptoms in muscles, skin and airways [22, 23] . Studies from Iceland made similar findings on the prevalence of musculoskeletal symptoms, particularly among workers performing repetitive and monotonous tasks [24] . These findings are thought also to be relevant to trawlers with on-board processing of fish. Lipscomb et al. (2004) [5] pointed out that reducing ergonomic exposures among commercial fishers is important.
During the past few years analyses show a decline or stagnation in personal accidents in the Nordic fishing fleet [25] . The focus for research and regulation in the Norwegian fishing fleet has been acute injuries and fatalities [26, 27] and most of the literature has also focused on this aspect [28] . However, there is still a lack of research-based knowledge regarding interactions between work, the work environment and occupational health among Norwegian fishers. This gap in our knowledge also includes several musculoskeletal disease subgroups.
Our aim was to study symptoms of musculoskeletal disease among occupational fishers in the Norwegian fishing fleet using three different research methods. We hypothesised that use of official sickness absence register data, a telephone survey and a questionnaire would demonstrate that MSD were the main cause of sickness absence, and that exposure to the work environment on board fishing vessels results in a higher incidence of musculoskeletal symptoms.
MATERIALS AND METHODS
We combined quantitative (registries, questionnaire study) and qualitative (telephone survey) methods (methods triangulation) [29] . The three methods used covered different sample populations of occupational fishers. The register data are based on doctor certified sickness absence due to MSD in more than 25,000 fishers in the period 2008-2013. Respondents in the telephone survey were identified and selected in 2014 through Norway's official register of fishers (n = 832), while the questionnaire (n = 153) included crew members on five trawlers operating in the Barents Sea in 2013-2015.
RegISTRIeS
A sample of fishers (n = 25,971) was drawn by Statistics Norway (SSB) based on the Standard Industrial Classification (SIC2002/2007) and the Standard Classification of Occupations (ISCO-88/08) for fishers between 2008 and 2013. An age-and gender-matched control population (n = 77,913) was drawn for comparative analysis. Sick leave and diagnosis data were obtained from the Norwegian Labour and Welfare Administration (NAV), while hospitalisation data (inpatient and outpatient data) were obtained from the Norwegian Patient Registry (NPR). Diagnoses leading to sick-leave were categorised in accordance with the International Classification of Primary Care, second edition (ICPC-2), while the International Classification of Diseases, tenth edition (ICD-10), is the standard classification tool for hospitalisation data. The data from SSB or NAV were coupled to data from the NPR. SSB forwarded the Social Security number of the population directly to the NPR from where the researchers received an anonymised data file.
TELEpHONE SURvEy
A total of 1,000 registered fishers on board Norwegian fishing vessels participated in a telephone survey in 2014. Respondents were identified through the official fisher registry in Norway, and 832 were active fishers at the time of the survey. The mean age of the respondents was 50 years old and 2% were women. The same study population as reported by Sønvisen et al. (2017) [4] was used.
The telephone survey comprised 99 questions, a few of which concerned musculoskeletal symptoms. The questions covered general information about vessel category and length, fishing operations, work experience, work tasks, organisation of work, sick leave and various symptoms, as well as subjective perceptions regarding work environment and health and health-promoting factors. The questionnaire was drawn up by the research team, and a professional polling agency conducted the survey by telephone.
The following questions covered musculoskeletal symptoms: In the previous 12 months, to what degree have you experienced pain in the 1) neck/shoulders/arms, 2) back and 3) knees/hips? The subjects were asked to rate each item on a 5-point scale ranging from a very small to very large degree. Individuals who answered a "large degree" or a "very large degree" were asked if they thought their symptoms were related to their work situation. Questions related to the physical work situation included factors such as repetitive and monotonous work operations, heavy lifting, lifting with the upper body twisted or bent and working with hands at or above shoulder height. The subjects were asked to rate each item on a 5-point scale ranging from very seldom/never to very often. Furthermore, the fishers were asked to rate their self-perceived health on a 5-point scale ranging from very bad to very good.
QUESTIONNAIRE STUDy
Field studies were carried out on board 5 factory trawlers in the Norwegian and Barents Sea [30, 31] . Before fishing commenced, 153 crew members were recruited to participate in the questionnaire study. The mean age of the participants was 40.1 years and 5.2% were women. One hundred and two (67%) crew members were directly engaged in fishing and were fishers, netman, factory manager, foreman, apprentice, while 51 were skipper, mate, chief engineer, engineer, steward or catering personnel.
The 67-item questionnaire covered questions about demography, working conditions, health and work-related health. The following questions were asked: In the previous 12 months, have you experienced stiffness and/or pain from: 1) neck/shoulders, 2) elbow/under arm/hand, 3) lower part of the back, 4) upper part of the back 5) hips/ /thigh/feet? The fishermen were also asked to rate their self-perceived health.
All methods were approved by the Data Protection Official for Research, Norwegian Centre for Research Data or the Regional Research Ethics Committee in Medicine, Norway.
DATA ANALySES
Statistical analyses used the SPSS statistical package. The outcome variables from the telephone survey and the questionnaire study were determined using descriptive statistics (frequency analyses). Data from the registries were analysed by c 2 or Student's t-test, and the significance levels were set to p < 0.01 or 0.05, respectively.
RESULTS

RegISTRIeS
Analysis of sick-leave provided by NAV showed that fishers had a significantly higher percentage of sickness absence (5.2%) than the age-and gender-matched control group (4.6%) in 2013 [11] . Moreover, MSD were the main cause of sickness absence among fishers (50%), which was significantly higher (t-test, p < 0.05) than in the age-and gender-matched control group (45%).
Looking into the ICPC-2 MSD codes in more detail, the fishers were overrepresented compared to the controls in the codes for muscle pain, hand/finger, ankle, muscle symptoms/complaints not otherwise specified (NOS), leg/thigh and jaw, sprained/strained ankle, musculoskeletal injury NOS and hand/foot bone fracture.
Analysis of hospitalisation and outpatient consultation data from the NPR for the period 2008-2013 (average) showed that fishers, compared to the control population, suffered significantly more acute incidents due to musculoskeletal diseases (5.4% vs. 4.8%, respectively), and injuries in arm (11.3% vs. 9.8%), foot (8.4% vs. 8%) and back (0.9% vs. 0.7%).
TELEpHONE SURvEy
In the telephone survey (n = 832), 61% of the respondents reported that they performed monotonous work operations often or very often, while 43% and 42% reported heavy lifting and lifting with the upper body twisted or bent, respectively ( Fig. 1 ). Fishers who reported frequent or very frequent exposure to humid environments, strong winds and cold were 68%, 37% and 40%, respectively. Thirteen per cent reported that they felt cold at work often or very often, while 25% occasionally reported this (Fig. 1) .
Thirty-three per cent had experienced pain in the neck/ /shoulders/arms to a considerable or very considerable degree during the previous 12 months, while 19% and 15% had experienced pain in the back and knees/hips, respectively ( Fig. 2) . Of those who reported health complaints, 82-93% believed these pains were completely or partly due to their work situation. In terms of operating modes, differences were seen between trawl, autoline and coastal vessels. Pain in the neck/shoulders/arms was reported higher among fishers on coastal vessels (42%) compared to trawl (20%) whereas pain in the knees/hips were higher in trawl (23%) than in coastal fishing (16%). [4] . Notwithstanding these pains, 77% of the fishers in all the vessel groups reported their own health as being very good or good.
QUESTIONNAIRE
The questionnaire completed by all crew members of the 5 trawlers (n = 153) showed that 54% and 55% had experienced stiffness and/or pain in the neck/shoulders and lower back/small of the back during the last 12 months, respectively. In the same period, of those 102 directly engaged in fishing, 57% and 60% had experienced such stiffness and/or pain in the neck/shoulders and lower back/small of the back, respectively. Of the fishers who answered in the affirmative to the question about stiffness and/or pain, 62% believed this was fully or partly due to their work situation; whereas 35% of the other crew members reported the same.
All the respondents attributed their complaints to repetitive, monotonous movements (39%), heavy lifting (37%), work at high speed (22%) and work with hands at or over shoulder height (22%). Dividing into subgroups, repetitive, monotonous work was the explanation for complaints among 52% of the fishers and 14% among other crew members. This was followed by heavy lifting (46% fishers vs. 20% other crew members) and working at high speed (30% fishers vs. 6% other crew members).
Seventy-five per cent of all the crew members on the 5 trawlers and 77% of the fishers reported their own health as being very good or good.
DISCUSSION
Our findings from the registries supported our hypothesis that MSD were the main cause of absence due to sickness. Compared to the control population they suffered significantly more acute incidents due to musculoskeletal diseases and injuries to arms, feet and backs. Even though more than two-thirds of the fishers reported their own health as being very good or good, they reported a high incidence of MSD.
In our study monotonous work operations (61%), heavy lifting (43%) and working twisted/bended (42%) were reported often/very often among occupational fishers in the telephone survey and were often the main reasons for the MSD. The self-reported pain in the neck/shoulders/ /arms was fully or partly explained by their work situation by 93% of our sample. Our results are supported by other studies of fishers [6, 32, 33] and similar studies have also shown that perceived workload and musculoskeletal pain are closely linked to the occurrence of MSD [34] . Data from the Danish Working Environment Authority also shows that monotonous work postures and repetitive work increase the risk of developing pain in the musculoskeletal system [35] . Østergaard et al. (2016) [6] found that standing was fishers' most frequent work position, while repetitive hand and finger movements and lumbar twisting and bending were other frequent postures. They also showed that correct lifting techniques are known. However, only about half of the respondents used such techniques at work [33] . Reducing ergonomic exposures associated with work among these occupations is important, regardless of whether they directly cause or contribute to their musculoskeletal symptoms or aggravate existing pathology [5] .
The literature regarding physical strain of fishing is sparse [28] but some studies have reported cardiovascular strain of fishers [36] [37] [38] . Previous studies based on Norwegian coastal fishing have shown that work on the trawl deck can be characterised as an intermittent activity with average levels of cardiac strain. A newer study of thermophysiological responses and work strain during work on trawl deck [30] showed that workers are periodically exposed to high work strain, manifested as raised core temperature and heart rate when working on the trawl deck. These results show that cardiovascular strain among fishers is moderate to heavy. In our study, repetitive movements, heavy lifting and working at high speed were the most common explanations for MSD. This is in also accordance with Törner et al. (1988) [33] , who claimed that symptoms follow a logical pattern according to age, number of years in the fishing industry, type of fishing operation and type of work performed on board, where heavier work-load leads to higher incidence of symptoms/discomfort as well as musculoskeletal problems [33] .
Fishing has been reported to be the most hazardous occupation also due to exposure to cold stress and wind [28] . In our study the fishers reported that they often or very often are exposed to unfavourable working conditions such as humid conditions (68%), strong winds (37%) and cold environments (40%). When the data were analysed in terms of "operational groups" the results also showed that coastal fishers are more exposed to climatic, ergonomic, processing (contact with fish/fishmeal, gutting or processing) factors, and are more likely to experience musculoskeletal problems and to take leave of absence from work than fishers in other modes of operation [4] . A Finnish study reported that progressively lower temperatures increase self-reports of musculoskeletal pain [39] , and when repetitive work is combined with exposure to cold environments this may also have a negative effect on muscle function and fatigue [20] that may lead to strain injuries and in the long term, to MSD [21] . Several studies have looked at the incidence of work-related MSD arising from cold indoor work, especially in the fish-processing industry [16, 22, [40] [41] [42] [43] [44] . Prolonged low-intensity highly repetitive work in a cold environment can mean a higher risk of developing musculoskeletal symptoms among fishers [5, 12, 23] .
Although MSD have previously been studied in a wide range of occupational groups, only a few studies have examined this topic among occupational fishers. One strength of our study is its design, which is based on three different methods; National registries and cross-sectional studies including telephone survey and questionnaire. This combination was intended to provide a well-integrated picture of the situation [45] . Another strength of the study is the very large study population of fishers (n = 25,971) acquired from the registries (SSB), which gives a robust dataset. Data from SSB also included an age-and gender-matched control population (n = 77,913), where the ratio of three control subjects per study subject strengthen the reliability of the total dataset. The three methods used in this study included different populations of occupational fishers, and the differences between methods in population size, type of boats, time of the study, wording/framing of the questions may affect the answers. Low response rates are the norm in cross-sectional questionnaire studies of fishers, especially when questionnaires are long, and the presence of a healthy worker effect may influence the findings [6] . Instead of using a questionnaire in written form sent by mail, e-mail or online, we employed telephone interviews that were designed to take 10 minutes, which also helps to Mariann Sandsund et al., Musculoskeletal symptoms among workers in the commercial fishing fleet of Norway quell subjects' doubts about the time spent on participating. Although we do not have any information about the total numbers of fishers called, in other studies we have found that using a telephone survey the response rate tends to be high (61%) [46] . In the questionnaire study on board the deep-sea fishing vessels, 70% of the crew members answered the questionnaire.
CONCLUSIONS
Findings from the registries, telephone survey and questionnaire survey all confirmed that MSD are common among Norwegian occupational fishers and that the problems are closely linked to their work situation. Even so, 77% of both the crews of all the vessel groups and the fishers on the 5 selected trawlers reported their own health as being very good or good. Research and regulation in the Norwegian fishing industry has focussed on acute injuries and fatalities. This study has increased our understanding of environmental challenges and MSD during work and shows that preventative measures as well as technological solutions aimed at reducing strain and exposures related to work are necessary to improve the health of occupational fishers.
